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Abstract 
Objective 
To examine the concordance between date of death recorded in UK primary care and 
national mortality records. 
Methods 
UK primary care data from the Clinical Practice Research Datalink was linked to Office for 
National Statistics (ONS) data, for 118,571 patients who died between September 2010 and 
September 2015. Logistic regression was used to examine factors associated with 
discrepancy in death dates between datasets.  
Results 
Death dates matched in 76.8% of cases with primary care dates preceding ONS date in 
2.9%, and following in 20.3% of cases; 92.2% of cases differed by <2 weeks. Primary care 
date was >4 weeks later than ONS in 1.5% of cases and occurred more frequently with 
deaths categorised as “external” (15.8% vs. 0.8% for cancer), and in younger patients 
(15.9% vs. 1% for 18-29 and 80-89 years respectively). General practices with the greatest 
discrepancies (97.5th percentile) had around 200-times higher odds of recording 
substantially discordant dates than practices with the lowest discrepancies (2.5th percentile). 
Conclusion 
Dates of death in primary care records often disagree with national records and should be 
treated with caution. There is marked variation between practices, and studies involving 
young patients, unexplained deaths, and where precise date of death is important, are 
particularly vulnerable to these issues. 
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Introduction 
The use of large, routinely collected health data for research and policy purposes is 
increasingly common. In the UK, this includes clinical primary care data, administrative 
hospital records, disease registries and national mortality statistics. Linkage of the records 
within such datasets can add considerable value over and above the information held within 
the separate individual datasets. However, such linkages also present important challenges 
with respect to data quality(1). One important example is where different sources provide 
inconsistent results, not due to linkage mismatch, but due to incorrect recording of the same 
patient attribute in one or both linked datasets. 
State-funded general practice provides free-at-point-of-access birth-to-death primary 
healthcare in the UK to nearly the whole population, and acts as gatekeeper to specialist 
services. The associated electronic health records are therefore a potentially invaluable 
source of data for clinical, public health and policy research. However, general practitioners 
(GPs) seldom record data with research in mind, but rather for the purposes of patient care. 
This can lead to under-coding or other coding inaccuracies: a fifth of GP record entries use 
free text only rather than structured coding(2). We have previously found that the use of 
hospital records as opposed to GP records to identify patients with cardiovascular disease, 
results in the identification of patient groups with significantly different clinical 
characteristics(3). A study of suicide and self-harm found that only a quarter of deaths 
officially recorded by the Office for National Statistics (ONS) were matched by a 
corresponding diagnostic code in general practice records(4). Others have found delays in 
the recording of clinical information within the primary care record(5). 
Accurately determining the date of death is of importance for many observational research 
studies, particularly where end-of-life care is being considered; relatively small discrepancies 
in death date in these circumstances are undesirable. Given the aforementioned concerns 
about the accuracy of general practice data, the linkage of official mortality data to primary 
care data has the potential to provide more accurate information about the timing of death. 
However, linkage is not always available, and it would therefore be of value to have a better 
understanding of the accuracy of the primary care record alone for determining date of 
death. The aim of the current study was to examine the degree of, and factors associated 
with, concordance between date of death recorded in a large UK primary care dataset and 
that recorded in national death records.  
 
Methods 
Data sources 
The Clinical Practice Research Datalink (CPRD) (6) is a large database of routinely collected 
UK primary care health records, widely used for epidemiological, public health and health 
service research, and covers approximately 8% of the UK population. It contains a range of 
clinical and administrative primary care data pertaining to UK general practice. This includes 
registration details: when a patient first registered with a practice, when they left a practice, 
and the reason for leaving a practice (e.g. moving away from the area, death). The primary 
care death date is derived using a CPRD algorithm to determine the most likely date from 
several sources within the GP record, including transfer-out date, death administration data 
(usually filled in from the death certificate), or explicit coded record of death(7). A subset of 
around three-quarters of the English practices represented in CPRD consent to having their 
patients’ data linked to other national datasets, including ONS mortality data. 
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Mortality data published by ONS (8) are derived from official death registrations, based on 
medical certificates of the cause of death, which are completed by a doctor. It is a legal 
requirement in the UK that all deaths are registered within 5 days; in cases of unexpected or 
suspicious deaths, certificates are usually completed by a pathologist after post-mortem 
examination, which may lead to delays in registration. Only the date and underlying cause of 
death are available in the ONS data that is linked to CPRD. 
The study was approved by the CPRD Independent Scientific Advisory Committee (Protocol 
15_239MnAR).  
Population 
Our population was defined based on the June 2016 release of CPRD primary care data. 
Inclusion criteria were adults with a specified gender of male or female, aged between 18 
and 105 at death, with a death date in primary care records occurring between September 
2010 and September 2015, and flagged by CPRD as having acceptable data quality. We did 
not restrict inclusion to patients with a minimum period of registration prior to the index date, 
to avoid excluding patients who had moved recently prior to death. Linkage of primary care 
and ONS data was conducted by a trusted third party (Health and Social Care Information 
Centre) using a deterministic algorithm, with only the subset of English practices 
participating in the linkage scheme included. Stepwise CPRD matching criteria were applied, 
with records with the same NHS number, as well as postcode or sex and date of birth, 
considered a definitive match (corresponding to a CPRD match_rank value of ≤5)(9). 
Complete data were available for age, gender, and cause of death. 
Data analysis 
Age at death was calculated by subtracting patients’ year of death using primary care death 
date from year of birth, and categorised as 18-29 years, seven 10-year age bands from 30 to 
99 years, and 100 years or over. Cause of death was based on ICD-10 coded “Underlying 
Cause of Death” as recorded in ONS data, and grouped into ten categories reflecting the 
reporting approach taken by ONS (see Table A.1 for classification). 
For each patient, the difference in the two dates of death was calculated by subtracting the 
primary care death date from the ONS death date. The discrepancies in death date were 
grouped into 11 categories: exact date match, plus 5 categories each for the primary care 
date being before or after the ONS date (<1 week, 1 to <2 weeks, 2 to <4 weeks, 4 weeks to 
6 months, and >6 months). 
We hypothesised that the recording of clinical activity would decrease following death, with 
the potential to provide insight into whether the primary care or ONS date reflected the true 
date of death. We therefore calculated clinical activity recorded in the 2 weeks prior to and 
including the date of death, and in the 2 weeks after the date of death, for those patients 
where primary care and ONS dates differed; this was carried out for both primary care and 
ONS dates. Two measures were considered as proxies for clinical activity: firstly, recording 
of any prescription in the clinical record (irrespective of whether it had been previously 
prescribed); and secondly, recording of a consultation with either a doctor or nurse (the 
criteria used to determine such consultations are provided in Table A.2). 
A descriptive analysis was undertaken, examining how the distribution of discrepancy in 
death date varied with age, gender and cause of death, with logistic regression used to 
model associations. We also explored the variation in death date discrepancy across all 
practices using a mixed-effects model. The random effect for practice utilised in this model 
represents the unmeasured variation between practices. Wilcoxon-rank tests were used to 
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examine whether there was evidence of a difference in the change in clinical activity before 
and after death between primary care and ONS dates. 
All analyses were carried out in Stata 13.1 (10). 
Results 
There were 118,571 patients in the primary care dataset matching the inclusion criteria, who 
died between September 2010 and September 2015 and had a linked complete ONS death 
date (Figure A.1). Linked ONS death date was not available for a further 1798 patients 
(Table A.3). The median age at death was 82 (interquartile range 72 to 89) years, and 47% 
of patients were male. This is similar to national death statistics over the same time period 
(median age 81 (IQR 70 to 87) years, 48% male) (8). The distribution of cause of death also 
matched that reported nationally(11), with cancer accounting for 29% of deaths (Table A.4). 
Death dates matched perfectly in 76.8% of cases. ONS date of death was later than primary 
care date of death in only 2.9% of cases. Primary care date of death was between 1 day and 
4 weeks later than ONS in 19.0% of cases, with 1.5% of primary care dates more than 4 
weeks later than that recorded in ONS (Figure 1). The perfect agreement between dates 
was slightly worse in men than women (76.1% vs. 77.4%; p<0.001). 
Differences in the frequency of discordant death dates are seen across different causes of 
death. Discrepancies in death dates were far more common with deaths categorised as 
“external causes”, where 15.8% of primary care death dates were 4 weeks or more later 
than the ONS death date (Figure 2A and Table A.5). In comparison, this degree of 
discrepancy was only observed in between 0.5% and 1.6% of other causes of death. Similar 
differences were seen in the degree to which there was exact agreement in date of death; 
63.6% of cases with death recorded as “external causes” had exact agreement, compared 
with between 73.5% and 80.5% for other causes (Figure 2A and Table A.5). In comparison 
to deaths due to cancer (the commonest cause of death), deaths due to “external causes” 
had 25-times the odds of being recorded 4 weeks or more later in primary care than ONS 
(Table 1; unadjusted odds ratio 25.3, 95% confidence interval 21.8 to 29.4). 
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Table 1. Association between discrepancy in death date and gender, age at death, and cause of death 
   Odds ratios (95% confidence interval) 
   Primary care death date >4 weeks later 
than ONS date 
Any discrepancy in death date 
  N Unadjusted Adjusted* Unadjusted Adjusted* 
Gender      
 Male 56,181 Ref Ref Ref Ref 
 Female 62,390 0.51 (0.47, 0.57) 0.70 (0.63, 0.78) 0.93 (0.90, 0.95) 0.96 (0.93, 0.99) 
       
Age at death      
 18-29 635 18.7 (14.8, 23.6) 4.47 (3.36, 5.95) 2.01 (1.71, 2.36) 1.69 (1.40, 2.04) 
 30-39 1,061 12.7 (10.4, 15.9) 4.29 (3.31, 5.55) 1.79 (1.57, 2.03) 1.62 (1.40, 1.88) 
 40-49 3,027 7.72 (6.53, 9.13) 3.75 (3.08, 4.58) 1.55 (1.43, 1.68) 1.45 (1.33, 1.59) 
 50-59 6,132 3.46 (2.92, 4.09) 2.53 (2.10, 3.05) 1.21 (1.14, 1.28) 1.21 (1.13, 1.30) 
 60-69 13,634 1.84 (1.57, 2.16) 1.70 (1.44, 2.01) 1.07 (1.02, 1.12) 1.09 (1.04, 1.15) 
 70-79 24,168 1.12 (0.96, 1.30) 1.12 (0.95, 1.31) 1.02 (0.99, 1.06) 1.02 (0.98, 1.07) 
 80-89 42,386 Ref Ref Ref Ref 
 90-99 25,815 0.75 (0.64, 0.89) 0.76 (0.64, 0.91) 0.96 (0.92, 1.00) 0.95 (0.91, 0.99) 
 100+ 1,713 0.64 (0.35, 1.17) 0.63 (0.34, 1.16) 0.73 (0.64, 0.83) 0.69 (0.60, 0.79) 
       
Cause of death      
 Ischaemic heart disease 14,513 2.04 (1.70, 2.45) 2.28 (1.89, 2.75) 1.37 (1.31, 1.43) 1.54 (1.46, 1.62) 
 Cancer 34,398 Ref Ref Ref Ref 
 Dementia 11,186 0.70 (0.53, 0.93) 1.11 (0.82, 1.49) 0.92 (0.87, 0.97) 1.05 (0.98, 1.11) 
 Chronic lower resp. disease 6,616 1.67 (1.30, 2.14) 1.90 (1.47, 2.46) 1.17 (1.10, 1.25) 1.24 (1.16, 1.33) 
 Cerebrovascular disease 8,866 0.95 (0.72, 1.25) 1.28 (0.97, 1.71) 1.10 (1.04, 1.16) 1.23 (1.15, 1.31) 
 Influenza/pneumonia 6,743 0.88 (0.64, 1.22) 1.26 (0.91, 1.75) 1.24 (1.17, 1.32) 1.43 (1.34, 1.54) 
 Digestive disorders 5,713 1.81 (1.40, 2.35) 1.69 (1.30, 2.21) 1.31 (1.23, 1.40) 1.38 (1.29, 1.49) 
 Other circulatory 10,182 1.68 (1.36, 2.09) 2.16 (1.73, 2.69) 1.21 (1.15, 1.27) 1.38 (1.30, 1.47) 
 External causes 3,866 25.3 (21.8, 29.5) 21.3 (18.0, 25.3) 2.16 (2.02, 2.32) 2.28 (2.10, 2.48) 
 Other causes 16,488 2.21 (1.86, 2.63) 2.63 (2.20, 3.14) 1.10 (1.05, 1.15) 1.22 (1.16, 1.28) 
       
Practice      
 95% mid-range†  130 (79, 225) 189 (112, 340) 72 (53, 100) 74 (54, 104) 
* adjusted for gender, age at death, cause of death, and practice 
† calculated from the variance of the random effect (σ2) and is given by e2×1.96×σ and represents the odds ratio comparing a practice at the 2.5th 
percentile of the distribution of practices to one at the 97.5th percentile
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The discrepant death dates tended to be more common in those of younger age (Table 1, 
Figure 2B and Table A.5). Primary care and ONS date of death had exact agreement for 
77.4% of individuals dying in their 80s (the commonest age category), with primary care 4 
weeks or more later than ONS in only 1% of cases. In comparison those in their 40s had 
over 7-times the odds of having a primary care date of death 4 weeks or more later than 
ONS (7.2%; unadjusted OR 7.7, 95% CI 6.5 to 9.1); the difference in those aged 18 to 29 
years was even more marked (15.9%; OR 18.7, 95% CI 14.8 to 23.6) (Table 1, Figure 2B 
and Table A.5). The association with age also persisted after adjustment for cause of death 
and gender but was substantially attenuated (Table 1), with those dying aged 18 to 29 years 
substantially more likely than those dying in their 80s to have a primary care date of death 4 
weeks or more later than ONS (adjusted OR 3.8, 95% CI 2.9 to 4.9). 
There was considerable variation in discrepancy in death dates across practices (Figure 3). 
Using the estimated variance of the random intercept in our adjusted mixed model we 
estimate that practices at the top of the 95% mid-range of practices (i.e. 97.5th percentile 
compared to 2.5th percentile) had almost 200 times the odds of recording death dates 
discordant with ONS (OR 189, 95% CI 112 to 340; Table 1). 
Associations between all the factors of interest (including practice) and discrepancy in death 
date were weaker when we used a very stringent definition of discrepancy (i.e. any 
difference ≥1 days). The odds ratios in a model considering any discrepancy in death dates 
are considerably smaller than a model considering discrepancies >4 weeks (Table 1). 
Rates of clinical activity before and after date of death are illustrated in Figure 4. Prescribing 
activity was generally higher in the fortnight before ONS date of death than it was in the 
fortnight after (4.2 vs. 0.5 prescriptions), with a similar pattern observed for the primary care 
date of death (2.6 vs. 0.4). The magnitude of decrease was significantly greater for the ONS 
date of death (p<0.001). Rates of face-to-face consultations also decreased following ONS 
date of death (1.1 vs. 0.2 consultations). Although relatively less marked than for prescribing, 
this change was again greater (p<0.001) than that observed following primary care date of 
death (0.8 vs. 0.1 consultations). 
 
Discussion 
This study found that there was a discrepancy in recorded death dates between primary care 
records (from CPRD data) and ONS national data in almost a quarter of cases, although 
there is very considerable variation between GP practices in the degree of discrepancy. In 
the majority of cases of discrepancy, the date of death recorded by the GP comes after that 
recorded by ONS. When broken down by cause of death and age, it is apparent that those 
individuals with an external cause of death, and younger individuals, are more likely to have 
a substantial delay between the date of death recorded by ONS and that recorded in the GP 
record. However, unmeasured practice factors have by far the greatest impact on 
discrepancy in death date.  
Interpretation of findings 
There is a legal obligation to register deaths in a timely fashion in the UK: this formal process 
might thus be expected to result in relatively accurate national records. Indeed, the ONS 
date of death should probably still be regarded as the “gold standard”. Recording the date of 
death in primary care records is not covered by such legislation, but can be important in 
clinical practice, to avoid causing distress for relatives by mistakenly attempting to contact a 
deceased patient and for audit purposes(12). Since GP records are predominantly kept to 
support the provision of direct clinical care, the accurate recording of death information may 
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not be prioritised. GP records may therefore reflect the date the practice is notified of a death 
(if the death has not been certified by the GP, this notification is usually received from family, 
carers or a hospital), rather than the actual date of death, resulting in the general tendency 
observed for GP-recorded dates to be later than ONS dates. It is also possible that the data 
provided to GPs is inaccurate, although this is unlikely to be the main reason for the 
observed discrepancies as these are predominantly in one direction. 
In a smaller study using the similar THIN GP dataset, 78% of 584 deaths had perfect 
agreement of death date between GP record and external paper records; this is very similar 
to our own findings(13). Of note, that study also found that precise agreement was poor (5%) 
for those cases where the GP record only comprised data about the transfer of the patient 
out of the care of the GP (i.e. with no formal recording of death); in that situation, the GP 
record of death was 21 days later than that recorded in the external data. 
The issue of delayed recording can be expected to be particularly marked in situations 
where a coroner is involved and post-mortem examinations undertaken. Such investigations 
are common in the case of unanticipated or unnatural deaths, such as those classified as 
being due to “external causes” and those in younger age groups. This is reflected in the 
notable delays we observed in these groups of individuals. For example, the average delay 
nationally in registration for deaths due to drug misuse is over 5 months(14). Discrepancies 
in diagnostic coding between GP records and ONS data has previously been noted in the 
majority of cases of suicide and self-harm(4), although that study did not examine the 
accuracy of death dates. Of note, the tendency of younger individuals to have more 
substantial delays is, to a degree, independent of cause of death, reflecting the likelihood 
that further investigation of the circumstances surrounding a death in a younger person will 
be undertaken by a coroner as an unexpected death, regardless of cause. 
However, even though age and cause of death impact upon the dates recorded in GP 
records, our analysis shows that unmeasured practice factors have a greater impact on 
death date discrepancy. Our data do not allow us to examine the underlying reasons, which 
are likely to be multifactorial including variations in local administrative processes and 
practice staffing. Understanding these factors may provide insights into how the accuracy of 
death recording can be improved. Our observation that associations between discrepancy in 
death dates and age, gender, cause of death and practice all become weaker when a looser 
definition of concordant date is used, is consistent with small discrepancies being subject to 
a relatively random element irrespective of circumstances. 
Our findings that prescribing tends to decrease more noticeably following ONS date of death 
than date of death in the primary care record is consistent with the ONS date being more 
likely to represent the true date. This pattern was not obvious when we examined 
consultations (although we do note consultations decreased substantially following date of 
death, however defined). This is probably because consultation type is poorly recorded in 
GP systems, with a “face-to-face” consultation often recorded as the default even if the 
consultation is simply an administrative event. For both prescribing and consultations, 
genuine clinical activity can still occur after death; in the former case, an order for further 
medication may be placed prior to death occurring, and in the latter case consultations may 
take place with a relative or other third party, or may represent recording of post-mortem 
administrative information. 
Strengths and limitations 
To our knowledge, this is the first study that has documented the quality of recording of date 
of death within GP records. Key strengths are the use of a large, contemporary dataset 
which is representative of the UK population as a whole, and makes comparisons against a 
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robust, mandatory national dataset. However, there are also important limitations to 
consider. First, is the representativeness of the data. The availability of linked data was 
limited to a subset of English CPRD practices. However, discrepancies in death date 
recording are unlikely to be limited to geographical boundaries, and we expect similar 
patterns will exist across the wider UK. In addition, it is possible that practices enrolled with 
CPRD record death more reliably than other practices. We have no data to support this 
supposition, although given recording of death is so important for practice administration 
purposes, we have no particularly strong reason to believe that there would be a significant 
difference between CPRD and non-CPRD practices in this regard. Second, we cannot be 
sure that ONS date of death is accurate. Nevertheless, our analysis of prescribing activity 
provides some reassurance that this date is more likely to represent the true date of death 
than that recorded in the GP record. Third, it is difficult to identify genuine face-to-face 
consultations within CPRD. Our approach to identifying such events was based on work 
commissioned by the UK Department of Health(15). However, misclassification of 
consultations remains likely, and it is possible that a spike in recording of administrative data 
in the immediate post-mortem period may have blunted the apparent decrease in clinical 
activity that we anticipated. Fourth, we cannot account for the small proportion of patients for 
whom no ONS record of death existed. It is worth noting that this group was 
disproportionately young and male (Table A.3), so missing records may reflect delays in 
ONS data being reported for unanticipated deaths. Finally, we were unable to examine to 
what degree the algorithm used by CPRD to calculate primary care date of death may have 
contributed to discrepancies. It may be possible to refine this algorithm based on knowledge 
of how age and cause of death impact upon recording of death in the GP record. 
Conclusions 
We have found that date of death recorded in GP data disagrees with that in national 
records in around a quarter of cases. ONS date of death should be favoured where 
available. However, over 90% of GP dates agree within 2 weeks of the corresponding ONS 
record, and it is likely that the GP date is adequate for the majority of research and policy 
needs. Nevertheless, in circumstances where a more accurate date of death is required, 
such as studying care in the last few weeks or days of life, or in situations where deaths may 
be unexpected or occur in younger individuals, the accuracy of the GP date of death should 
be treated with caution. The accuracy of data from practices with historically large 
discrepancies should also be carefully considered; further research into the cause of such 
wide inter-practice variation is needed. Future work should examine the accuracy with which 
cause of death can be determined from the GP record alone, as well as examining the 
integrity of the CPRD algorithm used to calculate primary care date of death. 
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